A study of pulse columns for thorium fuel reprocessing by Fumoto, H.
KERNFORSCHUNGSANLAGE JÜLICH GmbH 
Jül - 1770 
March 1982 
ISSN 0366 - 0885 
Institut für Chemische Technologie 




=~~~ Autobahn im Bau 
-- Bundesstraße 





Motorway in Construction 
Main Road 
Main Railway Line 
Branch· Line 
Airport 
Juelich Nuclear Research 
Centr. 
Als Manuskript gedruckt 
Berichte der Kernforschungsanlage Jülich - Nr. 1770 
Institut für Chemische Technologie Jül - 1770 
OLPE 
Zu beziehen durch: ZENTRALBIBLIOTHEK der Kernforschungsanlage Jülich GmbH 
Postfach 1913 . 0-5170 Jülich (Bundesrepublik Deutschland) 
Telefon: 02461/610· Telex: 833556 kfa d 




Für -Prozesse lonnen s 
und eine 
mit 
lz I von lIen Unter-
. In ieser Ar-




ristischen Unters t 
si 
oder e 
Dann sind Stof 
, wenn in der Kolonne die 
mit den te 
% TBP in 
worden. Aus den Vers 
- Wasser - untersucht 
ssen der 
Stof ffizient 
von der di 
I . Wei ist ein 







ist t saurer 















7.2.3 of HETS 
8. s 
8. s wi 
8. 1 . 1 re ts 
8 1.2 Eva of HETS 
.2 ss 
8.2.1 re 
8.2.2 of HETS 
8. Co-s ss 
8. • 1 re 
8.3.2 Eva of HETS 
s 











































contact free) 24 
acid in extrac 40 
7 acetic ac in reextrac 40 
% of f i flow 
42 
extrac 47 
i um 55 
.6 56 





8 in the ss 75 
1 . rates 90 









5.1 of 1 1 
5.2 Lower of 12 
5.3 S 12 
5.4 13 
6. 1 Vi at no 15 
6.2 curve of 17 
6.3 curve of co 17 
6.4 curves at = 0.33 18 
6.5 curves at = 1.0 18 









6 . 1 1 
22 
6. 12 Ho in 
co 23 
6.13 s in 
2 
6. 14 vs. R in 
= 0.33 25 
6.15 vs. R 
= 0.3 26 
6.16 vs. R 
= 1.0 27 









7.10 Trans curve of 
column in reextraction) 49 
7 . 11 Transient curve of 
co in reextraction) 50 
7 . 12 concentrat co 
in extract 51 
7.13 i column 
52 
7. 14 co 
53 




8.2 Distr f and 
co-
59 
8.3 Trans curve of in 
s (acid ) 6 
8.4 Transient curve of in 
ss (acid ) 61 






8.8 Transient curve in co-extrac 
s (ac feed so 6 
8.9 Trans curve of 
def 6 
8.10 Trans curve 
(ac 6 




8.13 Trans curve co-s 
s 
8.14 Transient co-s 
8. 15 Transient curve 0 
str s 
VIII 
of s 72 
8 
73 
.18 curve in i 
s 74 
8. 1 curve of 
s 74 








11. 1 84 
11.2 s no. 2 f 85 
11.3 KAPL Ac 








Pro ssor Dr. E. Merz 
s 





Mr. H. Wetz 
a t of 
Professor Dr. R. 
dur course of 
of 
to 
of KFA Jtilicn, W110 made 
nllmerous to be i 
IX 
s 
s of s 
al assistance in 
he in 









ts. The main 
is y 
us fluoride 










fluorine corrosion lems. There 










s. There are two 
s . 
ant r th 

















TBP was used for solvent % 
um nitrate-sal ss 













t contact time, one 
























and HTU (He of a Transfer Unit) were 
were co-extracted, co-
for of 1 





















so 1 .0 M 
= - 0.14 M were 
acid 
ion ( 














to 23 233 pa 
ss 
27 
since cannot extracted the 
23 r of t 
and 2391:) ... u. 
0 
the waste 
ence of ts causes 






s at s UD to 1 
Since U of HTR 
1 1 
fuel ling is necess from e nt. 
Th/U fuel leI 
23 
However, of 
necess start and the 
s 
ic has HTR. 1 
e of 1 .0 rnm 
of u0 2 is 
two or SiC(3). These 1 
are and stable, wh adds some diffi 
sing ant. As 
dis (4 ) 
were inves be treatment is 
dif from that of LWR 
ss is different. ter d 




me is us 







alte justment me to 
so to a of 165 






reas corros rate at the 
. In IeT in KFA Jül acid 
icient adjustment was carried out wi 
in s 7). It was that this me 





wi us forma 
23 process(8) was of 
ium recovery of was not 
red. This process was used for cooled irradiated 
fuel to recover on 233, us lower 
concentration of di TBP (1.5 to 5 %) for so . In some 
cases(9) di- was chosen as extractant 
s se of di-sec for 
of TBP. 
process was si to recover 
uranium and fuel. Gre 
ss No. 2 in 1952. In 
et al(8) 
41 % TBP in Amsco was used for um 
nitrate was en as sa in irst co-
ss. uranium were co-extrac 
in the first extraction column and 
at column. Then, in 
s column, U-233 was str as 
More severe 
ss 
reactors was to 
le 
hi 
s . From this 
ss (10) was deve 
fuel, 










s U-2 3 from 
s, 5 to 10 % dilu TBP or 2.5 % di-
te was 
Because, 1 elements no c 
nitrate as 
re was not 
mu ince to use 
fore c to us 







ss was inves 
ls Atomic Power 
ss 
to the results, 
was 
in the 
ies. It was cal 
to increase 
i t for 
% 
ss using an acid 
in ORNL. De 




. The was 
some institutes. 
In German JUPITER ject! 5 ki of extrac 








ss and 5 
fi sses. 
ts nrocesses are 
Extraction 
se column is a vertical 
ce. Wi 
tercurrent 1 
of the reci 
1 
extraetion 
to the 1 ds, extraetion effie ies are 
ison to othe~ extraction columns. 
meehanieal first, but se 
lsing mot 
s a so-eal 
in 
air 




were 1 for a 
tive materials to recover 
columns are in use mai 




ated nuclear fuel wi lse columns were class f 
s 
na 
first, but after 
955, 
Atom-For-Peace con rence at Geneve n 
assifi 






s were investi 
correlation 
= 8.0 103 
1jJf :::::: 
s orifice coe 
water-Me 













HTU HETS (He t t ent 
Theore S are of 
extrac . HETS can 
. HTU 
e can 
(3-6) ( 3-7) a ston f tem (19) 
HTU h (3-6) :::::: 
:::: ( 3-7) 
L.D. ( 1 5) i corre as 
(HTU)OC (3-8) 
J.D. 
However, it is too use. 
rel se 
in -se , i t easier 
co to 








s is one 
in settIers are as 
se columns 





















a countercurrent 1 
i 
s 





































is 4 mm, 
is 29 mm. 
vert 











































































in the co 
s 
c10se 
1 m s 

















(see . 6. 1 ). In 
s. 







30 % TBP in 
f rate was 
- 15 -
columns 
, and istics, 
distilled water aqueous 
. The aqueous to 
to be 1/3 as representative 
for extraction and 1/1 for reextraction. 
6. 1 
First of all, the flooding 
chan ging the pulse frequency. The 
s were investigated, 
umns were opera ted for 
30 minutes to observe whether the visual flooding occurs or 
not. Fig. 6.1 shows the typical flooding in the middle of the 
column at the no cartridge section. 






was constant at 15 mm 
, 
16 to 133 
to be 0.33 or 1.0 as expl 
minute. The 
before. 
the flooding curve of the aqueous cont 
rat 
. 6.3 shows that of the organic continuous column. 
by L.D. Smoot et ale (15) is also shown in 
s. It will be seen that the results are reasonable 
the 
corre 
experiments. However, in this experiment 
on A/O ratio is greater than that of the 
lly at lower frequency. 
6.4 the difference of the flooding curves between 
the two modes of operation at A/O = 1/3 and . 6.5 shows that 






I at A/O ratios around 0.33, the organic 
column has higher capacity than the aqueous 
column. On the other hand, at an A/O rat of 
continuous column has a higher flooding 
moreover, in the case of the organic continuous 
of the flooding curve occurs at 
(lower pulse intensity) than that 
column. The peak of flooding velocity in 
continuous column was 67 % of that in the organic 
column at A/O = 0.33. On the other hand, at an A/O 
rat of 1.0, in organic continuous column was 





cont co I f = 32 
and f = 48 reextract 




































t C1UUU" cu, v. (A = t t- (A,n • 
..s:::::. ..s:::::. 
- -E E 
~n .~ 
, \ 
)t )C ,x ... , \ ... , 
, , x, , , 
, I , 
I I \ 
I 
[ j I I \ :::I I '" \ -" ,~ , I )( L Cl) 
Cant. 
10 :J 10 
I •• ,,- - Cant. Ao. Cant 
O~~~~~~~~~~-.~-.-.-r O~~~~~~~~~~~~~~-r 
o o 
f (mini) ~ f (mi ~ 
6.4: curves at = 0.33 F . 6.5: curves at :::: 1.0 
- 19 -
the cont f = 77 for 
continuous co , so as to di s of decreas 
At each ion 
axis of 
at 
column was measured, while the 
ratio of 1/3 or 1/1. 
In s iment, the di 
tak of 100 ml. 
a 100 ml inder and 
10 ml inder. In this 
smaller 











e was measured in a 
is fair 
% to 
• However, from 
The flow 
% of f 
6.6 to 6.13 a column 
issa distance 
At f 
di se. R.L. Bell s 1 
(2'7 ) to 
was uniform 
out 23 cells or more. However, 
iments 
tends to stance from the di sed 
ial rate. H rates 
mass-trans e contact is 
remote from of 
a extrac at 
rates. 
can 
in some cases, 
to 
mean out the 









.. Flow rate 
~x'" , 
x _ ~i4 Whl 
'. h:~"12 
&- - --r ~.= 20 
& - & & '" 18 
__ --0 0 -16 
3 4 5 
(m) 

















2 3 4 
le 















A/o "" A 10 ::: 
f ... (mi f '"' (mi 
::J: 
Total 














~ no ---1 r- no 
0 
I 0 0 1 2 3 4 5 6 
(m) 0 1 2 3 4 5 6 
on (m) 
distr in . 6 . 9 : Ho tr 
continuous co continuous co 
:::: 0.33, f 32 :::: 0.33, f == 63) 
Ale "" 
f =: (mini 
15 
Total 
- .. rate 
/" " -34111hl 
11 l( " 30 
iII '" 24 
'" 
- .. - -4 "'18 
-0 __ 0 " 12 
0 
0 1 2 3 4 5 
01 nce e tien (m) 
6.10: Ho d ion in the 
aaueous 
== 1.0, f == 48) 
Ale "" 





6 0 1 2 3 
01 nce le 
. 11 : 













A 10 ... A 10 =. 
Flow rate f= (mi 
Total Flow 
f= "~ .. 30(l/h) 
rate 
--- .. ' .. 111 1n 
0.. ~=28 





-x =18 )( 1 , "24 
I I ........ )(" fI 111 ~III =16 
5 
A '" 16" , 
, 
.., =18 5 x AI' 
-0- - .... I N w 1'11 ,,~ ... 
0 ~o~ 0 
. 
.. 
.F ,,, =12 0 
0 0 
. . 
0 1 2 3 4 5 6 0 1 2 3 4 5 6 
Di on (m) U (m) 
.6.12: s F .6.13: Ho dis 
cont continuous co 
1 .0, f 32 = 1.0, f 63) 
6-1 
contact time ) 
(1 (1 (%) time 
32 4 12 5.8 1 .8 
32 6 18 12.4 2.5 
77 3.5 10.5 8.8 2.9 
77 4.5 13.5 11.2 3.0 
----
48 1 1 1 1 6.3 2. 1 
48 15 15 9 . 1 2.2 
77 11 1 1 8.8 2.9 I'V 
*'" 77 14 1 4 11.2 3 .0 
32 6 18 2.7 1.7 
32 8 24 4 • 1 1.9 
63 5 15 3.3 2.4 
63 6.5 1 9 • 5 4.8 2.7 
32 9 9 4.5 1.8 
32 14 14 9.2 2.4 
63 8 8 5.5 2.5 
63 11 11 9.0 3 .0 
contact 
two columns. In 


















A/o .,. / 
41 f::::: 63 
)( f:: (n1 ) 
50 100 



















































ef ts of 
ts cause 
B • W. Mar ( 1 8 ) 
informat are two traci 






time e = 0 first. F(e) is de as the 
tracer at 
u· e is cal 
Q of a tracer is inj 
t stream. C(e) is de 
at e • 
The cal a 
inj 
(29) (6-1 ) 
:::::: V(EVC) ::::: 
s s can 
f (29) 
ue) 2 ( 1 
::::: 1 e 
In s s Ita j 
me 
was 
, one can assume 
ar to at 
of 








































tracer was 546 




1 was usea 
was 16.4 cm 3 
jec 
tracer was ected at the co of 4 rn 
in 
aqueous continuous co 
was 
e 
in order to avoid inter-
di 
it was inj 
uejV . In 
rn 
• In 
at h ::::::; 5 m. As 
distribution 
s case V was 
rn 
vo as a 




on not so 
0,50 
0 1,0 
s 6.18 to 
effect of the f 









f::32(min- 1 ) 
s 




Time (T I 
re 
in column 


























































Time ( T ) 
6.21 : res 
the co 
. 6.22 to 6.25 
on 
time (Tl 
Ef of se 
Continuous 
A :: 1,0 








1 .0, f = 77) 
e t of se 
Continuous 
A/o ::; 0,33 
f 32(min-1 ), R:: 57 % 










f .. 48 ( 






= 0.33, R %) 
on axi in 





f,. 32 (miri'). R .. 86 °/0 


























us the same tracer. 




immediate . After 
t tracer mater 
of 
outlet 

















































A 10:::; 0,33 
f ::: 32 (min-1 ) 
10 15 
= 0.33, f 
Continuous 
A 10 :: 1,0 






:::::: 1.0, f :::::: 32) 
Continuous 























. 6.28: res 





















/R::: 62 (%1 
R :dlS (''!cd 
5 10 
Time (mm I 
DJsnersed ohase res 
d 
colurnn 
:::: 1 .0, f :::: 63 (rnin 
Continuous 
::: 1.0 








the same in 

















s were neces 
s are 
is f :::: 32 
the f = 32 (or 48) 
or f 
f rates on mass-trans 
s 





state, 5 s 
iso extract 
ts 



















































Acetic Acid Concentration Distribution (Org.) 
( Extraction ) 
" 









































4 5 6 




acid is trans ter in 
. However, ite 
7.2. In . 7 . 1 , the c ac 
raffinate is umn. 
But s may be the acetic acid 1eft in feed 
from an . In the tne 
eva ts, must 
ac < 0.01 /1) can be ed on wi 
error. fore, on 1 m extract and 
lower 1 m for used the 
of istic dif rences. 1 um curve the 
f 30 % TBP in is in 
Fig. 7 . 3 . ace ac was carried out as 




























0,5 0,75 1 ,0 1.25 
Acet ie! (on en tra on Aq ase mol! I 











1 rn HETS 



















































































uoper 1 m. On 
nuous co 
the si 




r hand, in 
r HETS. 
s 
increasing se f from f = 32 to 64 c 
continuous 
in the oraanic co ) . 
continuous 
flow rate of 
that of 
pulse co 
over % of 
Next, HTU was 
) or f = 32 (48) to 77 
case of 
a f 32 r minute, a larger 
% of a flooding rate a HETS 
60 %. is may suggest rate 
ooerated s 
ng flow rate. 
even at a f rate 
the f 
calcu to evaluate 
coefficient on e. NTU 
1 mass-transfer 
r of Trans 
Units) can 





























. However, in 
rence is s f 
some k 











HTU, at % of f 
f -1 R (%) HTU ( 
32 86 61 




48 83 28 
f 
NTU 














= 4.7 { (7-2) 
= 3.8 (7-3) 
in 
(KxA)org = 1.6 (K A) x (7-4) 
Holdup = 1.8 Holdup org aq (7-5) 
s may suggest KxA is nearly proportional to 
the by photos, there is not much fference 
the diameters observed in aqueous continuous column and 
organic continuous column. Figures 7.4 7.5 
droplets in the both columns. 
If it is accepted that drop are the same, i 
contact sur area, A, is proportional to ho . There 
it follows that (Kx)aq and ( )org would the similar value. 
Although this may be a f the as was 
applicable for both reextraction s 
experiment. The same idea might be to to 
systems. 
7.2 
Next, HTU HETS were 
s as in 




), == 15 
f :::: 32 ( -1 ) 
Di 
= 5 (1 









. The same flow rates as in 
, i.e. 80 % of the flooding flow 
to be 48 minute for 
reextraction in column and 32 per minute 
cases. To confirm that the s state was reached, 
s is were taken arly at the organic and the 




s of the columns were taken to obtain the thorium 
lee 
the droplets tend to be larger than in the 
of thorium, since the interfacial tension increases 
ium concentration. Figures 7.6 and 7.7 illustrate the 
clear 
In these s,the column was operated in the aqueous 
continuous mode. show the difference of the droplets 
behavior in the column. It can be seen that coalescence occured 
much more in Fig. 7.7 than in 7.6. In Fig. 7.7, the 
coale , making a layer under the s 
, while coa to a lesser extent in 
Fig. 7.6. with the thorium 
increasing interfac tension. 
7.4 shows 1 condi . It can be seen 
in s that the aqueous continuous column a longer 
contact time than the organic continuous column, 
have about the same value in Table 6.1 
F 
s state in 
It is 
is at 






in the outlet attains the s 
state one . The fference comes from different modes 




f = 32 -1 org - 18 (l/h) ) , 
Dispersion of 
aqueous cont co 
the presence of thor 
V = 6. 1 ( l/h) , = 18.2 ( 
aq -1 
f = 32 (min ) 
) I 
7.4 
8. 1 24.2 
6. 1 18.2 
14.2 14.0 
15.3 15 • 1 
for thorium extraction 

























0 1 2 3 
Ti {h} 





o 1 2 3 
(h) 











1.1 M HN0 3 , 
so 
column 
7 . 1 ° and 7. 11 
1 




two . In t run, 
up,filled tn 
not attain 




s fact, it is conc 
needs 
continuous 
ium concentration at 
state in reextrac 
out 
0,0005 
































of . In 
, it was 
state mass-trans 










1 2 3 4 5 6 


















. Con ti nu aus 
2 3 4 5 
ColUmfl Hei t h (m) 












































Column Height hirn) 
a 
5 
at 5.24 m. However, 
1) at 
co1umns concern ac 
























h (m ) 
is 28 to 98 cm 
NTU 
was so to 1 
(3 was 





. In case, 
as 
- 55 -
y = 0.688 x (x ~ 0.138) 
Y = 0.386 .708 (x > 0.138) 
Y = 4. 8~ 
7.5 
(ern) 
he (m) 0-1 3-4 4-5 
75 98 93 71 42 





















i area A is 











i 2 3 3-4 4-5 1 
128 69 65 50 34 58 




















1 as i 
f 
concen-
case for HTR 
for ex-
is 
to the of fiss 





. In this 
at 1 m 
ies were 64 
were 
. In this 
















HNO 0,1 ( Mol I I ) 
( 3,55 tl h l 
Th 0,800 ( Moll t ) 
U 0,0796 ( Mol J t ) 
HNO 1,0 (Molli) 
( I I h ) 
HNO 13 (Moll t ) 
( 35 I1 h ) 











ac en as 0.1 M 
as 13 M. rates 





1,0 c:---,---..,...----,----,----.-----. 0,1 




























0.001 0-0 Th 0,0001 
t:.-t:. U 
x-x HN03 
0,0001 L-__ -l-__ .....L. __ .........I. ___ ..L.. __ -L __ -l 0,00001 
o 6 
(otumn Height h (m I 
8.2: Distr of thorium, 
ac in 
s (ac 






























about 2 hours t 
s state of nitric acid str 











































































F . 8.4: Trans curve of uranium in 



























































so were 3.46,3.5,1. 
HN03 1,0 ! Mollll 
,out 
[ 3,46 ! I h I 
es 
N 
TI1 0,805 (1'10111 ) 
U 0,0810 ! MolIll 
-0,143 (Mol I! I 
( 3,5 11 h I 
E 
N 
HN03 13 (Moll! I 
























































(0 - extradion 
O~--------~---------d----------L-----~ 









































0.5 h 1 .5 h. 
s 
1 










111 0,113 {Moll I 









2-3 3-4 4 5 





were 0.113, 0.0114, 
s was 0.01 M. The f rates 
of str were 13.1 10. 7 (1 ) re 












0,001 0,0001 0,001 
5 
0,0001 '----...........;'------'----L--......J... __ .....l... __ .....l 0,00001 
23 0,0001 




the sence of 
'>lell in h 
on 1s < 0.01 M. The 
fast wi 
. 7.2.2. 












Trans curve of um co-s 
ss 
In s was fil water 
s == 0 , was s 
state was not 
state in 3 





































in the s 
Tab 8.3 








were 0.111, 0.0114, 
Droeess (ern) 
0-1 1 2 2-3 3-4 4-5 
100 105 
112 147 
t is s 
f um, uran ni 
0.088 (mo 1) res . The 
rates f 
.9 , 
was .01 . The 







se . 7.15. 



































0 3 4 
Column Height h(m) 
Dis i of 
a co 
ss 
8.18 to trans 
e f 
ts seem not to s 
materi . However, error 
. From s fact, it 
ts McCABE-THIELE 













.!? " ~ :;:: 















I ura um, and nitric 
in ti ng 
curve 
um concentrat at 
within 
in 3 % wi 
































Time ( h) 





Ti me ( h ) 
curve in 
2 









































For nq column, it 
was too HETS 1 S 
extreme 




Column i 0- 1 2 2 3 4 5 
u s 
HETS 8 7 




was pi concentration ng 
di . In is ium 
of 0.218 (mol/I) was 
fair weIl. In 
column, uranium was 
s 
at 
section of ng 
concentration of 0.00113 
(mol/I) to the McCABE-THIELE , whi it was 
was 0.00616 in eXDe 
0.18 
sec 
curve at a nitric 
in this case 
was 1.8 at 
2.3 fol 
uranium in the 










In . 7.2, 
ium nitrate. 
. The nitric acid concentra 
was 0.22 1/1) in s 
a 
concentra of 0.40 
uranium dis 





























s ( sand r HTU). However, it 
is no the contact time is much lonaer in 
continuous column than in 
dif miqht ned by 
c continuous column. The 
different holdups. 
In reextraction (A/ü ~ 1/1) the ~queous continuous column a 
larger capaci than the organic continuous column. No difference 
of overall mass-transfer coefficient K was observed in re-
x 
extraction of acetic acid between the two modes of operation. 
However, in the oDeration with thorium, a nroblem of wettina 
was observed in the aqeuous continuous column. 
Fi 9 • 1 : in of 
It can seen F c ses 
center s Des without ts. 
ates are we e, formincr a film on 
0 s. This was after re the solvent 
s. In sence h um, um or 
tri acid was not encountered. 
concentrations, Since extraction was made at h 
we 
occurs, 
lern never occurred in extraction. Once we 
column must be washed next 








to the plates. 
ess was carried out in the organic 
of . Flow also occurred here, 
formance in scrub section. Figure 
e at 1 of 
ic nuous co 
- 79 -
It can seen s 
ts e 
f 32 was ing 
. At of minute, 




(H N031scrub .. 11 




It is d so 





factors as in . 3.3 However, in r to 
O. 1 ~ HN0 3 5 
of a s 1 .0 r1 h in ORNL( ins 
t streams can cause 
ins li a si sc stream re to f 
ations 
In nce of is not reextrac After 
reextraction of 1 uranium is s at an 
0.01 M. s are simi e of 
In increases 
first with ile 
creases. 
In O. 4 r1 
7.3 times hi 
at e 
the mai U-233. 





= 0.33. On 





ast for the co 
s 
- 81 -




runs, it is conc 
continuous 
. However, on account of 









































not re ex 
In 









str section. In uranium 
uran are 
uranium using McCABE-THIELE 
ence of 












wi s 0.1 N NaOH. Some e 
case of e ana iso in was 
as an indicator. 
was c 
ti to remove inter rence 
) was 
was ti wi 
EDTA 0.05 N NaOH in 0 2.6 to 2.8 
tem) (34). S was 
Uran 
was 
0.01 N so 
(111) 
ac . The cator was 
SCRUB 
\(01 0 4 
5'OM 
E F-
• 1. Ac 23 
ING 














HNO. 0'2 H 
STRIP 
Volume ]-0 
HHO, O{)Z H 
N 
SOLVENT 







































0.01 M l!!llJ 
2BX 
10-' 11 U 
2BT 












:::: 0.33 1.0 0.33 1 .0 (min ) = :::: = 
17 22 32 28 
24 40 
32 28 34 42 32 
48 28 36 42 
63 26 34 32 26 
77 22 28 21 18 
91 18 24 18 16 





















































































































= 0.74 ( 
f = 63 













= 3.5 ( ) , 
- 93 -
11.4 
Pro s of ni 
ac concentrat 






























( 1 in 
63 



































Error of balance 
) 
% loss 



















































of , uranium, 
ac concentration column 































== 7.91 ( ) f c 
, f == 77 











13.2 ( ) , 















c:. Equilibrium line 
c:. 








Extraction wi acid feed solution 
h::3 
3 
1 3, ~~ ____ CL __ -J __ -L-JL-~~~! ~1~-----i ____ 1--JL-1-JLJL~~~ ____ -L ____ L--i __ L-1-~~-I I I I I I I 
concentration in Aq. phase (mol/t) 
in extraction (acid feed so 
[ ]: HN concentr on 
1 1 /1 h=3m 
-





















Extraction with acid deficient 
10 3 I I I I I I I I I I I I I 
concentration in Aq. phase (mol/t) 






rate to f rate 
tracer 1 j 
T: ue 
t: 55 






























in (mo 1) 






ed on the 












R.C. , K. Asmussen, D. Lee, L. 
R.K. Lane 








Vol. 16, 1972, • 101 
L.M. 




s , sero 133 








s 1976, ICT, KFA 
A.T. , M.R. Bennett, S.S. I W. T. 
J .E. 8 
ORNL-1367 (rev), 1952 
(9) A.D. R.S. 
ORNL-3732, 1965 









( 1 3) 
(14 ) 
( 15) 





S.M. S R.B. 
Reactor , vol. 11 
E. Z and H. I 
L. L. 
, 13, 1971, S. 
L. 
, 13, 1971, S. 
L.D. Smoot, B.W. Mar, 









• 2, 1963, 
A.L. 
. 8, 1969, 
A.L. 
51 , 1959, . 
A.L. 
1 
I&EC s, Vol. 1 , 
J.D. 
(21) R.G. Ge L.W. Brown 
Bm'llL-2186 Pt 1 UC-10, Jan. 
(22) W. 
1 3-CT, KFA 
(23) A T. 
ORNL-1367, 19 2 
(24) J. 
12 6, 196 
-
Fuel ss , 1969, . 219 
· 








1962, . 93 




DP-841 f 1963 
(26) C. 
ISEC 71, 2:1282 
(27) R.L. 1 A.L. 
I&EC, PDD, Val. 8, 1969, • 393 
(28) P.V. 
Val. 2 f 1953, pp. 1 
(29) Octave 
T. H. S 1 
DP-181,1956 
(31) A. D. Ryan 
ORNL- 5, 1 96 1 
(32) J.W. , W.O. 
I&EC, f 1958, 
(33) 
GA-A 13593, UC-77, 
(34) E. 
Best 
(35) R.E. , L.M. 
R.H. 
TI 583, 1959 
(36 ) R.E. B , L.M. 
ORNL-3219, 1962 
. 2, 1953, 227 
I Jr. , F.K. Heumann 
. 145 
. 6-1, 1975 
t 
, J.R. F , F.G. 
ts 
D.E. 
tts, 
